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© Driver circuit for dot matrix display apparatus. 

© To expand display data for a iow-resoiution dot matrix display apparatus to display data for a high-resolution 
dot matrix display apparatus without causing the reduction of the speed of processing and without requiring 
clocks of different frequencies, a driver circuit comprises intermediate value generating circuits for generating 
intermediate values of a plurality of adjacent display data according to the expansion ratio in a driver circuit of a 
dot matrix display apparatus and by applying also the outputs of the intermediate value generating circuits to a 
dot matrix display panel, the display data is expanded inside of said driver. 

FIG. 1 



f SHIFT REGISTER FOR SIGNAL ELECTRODES 30 



CM 



in 




/ SIC \ , SIC \ / SIC \ / 8X0 . - SIC w SIC 
(ELECTRODE) (ELECTRODE^ ^ELECTRODE] ^LECTRODe} ^LECmOoj ^LECTRODEj 



Rank Xerox (UK) Business Services 

C3. 10/3.6/3.3. 1) 




EP 0 574 142 A1 

The present invention relates to dot matrix display apparatus such as a liquid crystal display or a 
plasma display apparatus, and more particularly to a driver circuit for expanding display data for a low- 
resolution display apparatus to enable the expanded display data to be displayed on a high-resolution 
display apparatus. 

5 In a dot matrix display apparatus, the positions of pixels are immovable. Therefore, when display data 

for a dot matrix display apparatus whose resolution is low, that is, in which the number of pixels is small is 
to be displayed on a dot matrix display apparatus whose resolution is high, that is, in which the number of 
pixels is large, if the display data is not expanded, the display data is displayed on only part of the display 
area of the high-resolution dot matrix display apparatus and it becomes hard to see the contents to be 

w displayed. A concrete example of such a case is the case where display data for the dot matrix display 
apparatus of 640 dots x 480 lines, that is, the dot matrix display apparatus, in which one display line 
comprises 640 dots and the number of display lines is 480, is to be displayed on the dot matrix display 
apparatus of 1024 dots x 768 lines. In this example, it is desirable that the display data for the dot matrix 
display apparatus of 640 x 480 should be expanded for the dot matrix display apparatus having 1024 x 768 

75 or nearly 1024 x 768. 

It is well-known that an image is obtained which has little contrast if display data for a low-resolution 
display apparatus is expanded while the similarity between the brightness distribution of a high-resolution 
display screen after expansion and that of a low-resolution display screen before expansion is maintained. It 
is also well-known that the brightness of each pixel after expansion should be an intermediate value of the 
20 brightness of peripheral pixels of the corresponding positions before expansion so as to maintain the 
similarity of the brightness distribution and expand the display data. While there are several well-known 
methods for calculating an intermediate value, a method which is considered the most common of them is 
described in the following. 

As shown in FIG.47, when a low-resolution display screen and a high-resolution display screen whose 
25 screens are of the same size are superposed, pixels of low resolution and those of high resolution are 
slightly shifted relative to each other. This shift is periodically repeated. As shown in FIG.48, when attention 
is paid to one of pixels of high resolution, it can be seen that the pixel of high resolution stretches over four 
pixels of low resolution. If it is assumed that the brightness of the pixel of high resolution is H, the 
brightness of the four pixels of low resolution are L0, L1, L2, and L3, and areas where the pixel of high 
30 resolution overlaps each of the four pixels of low resolution are SO, S1 , S2, and S3, then the brightness (H) 
of the pixels of low resolution is calculated by the expression: 

H = (S0 L0 + S1 L1 +S2 L2 + S3 L3)/(S0 + S1 +S2 + S3) 

35 The brightness (H) of the pixel of high resolution is obtained by calculating the mean of the brightness of 
the overlapping pixels of low resolution (L0, L1 , L2, and L3) weighted by the overlapping areas (SO, S1 , S2, 
and S3). However, the operation for calculating an intermediate value may be based on not only the area 
ratio, but also a distance between centers of pixels, the square ratio of the distance and the like. 

Conventionally, display data are expanded using a software technique. In this case, display data for low 

40 resolution must be read from a memory in an information processing system, the read display data must be 
converted to display data for high resolution, and conversion results must be written into the memory. 
Therefore, this method requires a long time for processing, and for example, if the display data for low 
resolution successively varies, it is difficult to display the display data for high resolution corresponding to 
the variations. 

45 Further, dedicated hardware for data expansion may be provided in an information processing system, 
and after display data is expanded in the information processing system using the hardware, the expanded 
display data may be sent to a dot matrix display apparatus. In this case, unless the expanded display data 
is sent out from said dedicated hardware at a relatively higher speed than the velocity at which display data 
for low resolution is sent to said dedicated hardware, the display data for high resolution cannot be 

so displayed according to variations in the display data for low resolution. For example, if display data is also 
expanded for a display screen whose resolution is expanded 1 .5 times, the expanded display data must be 
sent out using a clock having a frequency which is 1.5 times as high as the frequency of a clock used to 
read the original display data. Therefore, in addition to a clock for reading the display data for low 
resolution, a clock having a higher frequency must be provided for sending out the display data for high 

55 resolution, which makes the overall circuit configuration very complicated. 

As described above, in the conventional methods for expanding display data, whether software or 
dedicated hardware is used, the display data is first expanded in an information processing system, and 
then the expanded display data is sent to a dot matrix display apparatus, which causes problems that the 
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speed of processing is low and clocks of different frequencies are needed. 

An object of the present invention is to provide a method for expanding display data without causing the 
decrease in the speed of processing and without requiring clocks of different frequencies. 

The invention provides a driver circuit for a dot matrix display device having a plurality of signal 
5 electrodes and plurality of scanning electrodes, in which display pixels are formed at the intersections of the 
signal electrodes and the scanning electrodes, the driver circuit comprising a shift register for sequentially 
receiving display data for one display line under the control of a clock signal, the shift register comprising a 
plurality of first flip-flops connected in series, and a plurality of second flip-flops which second flip-flops are 
connected to at least some of the first flip-flops via intermediate value generating circuits for generating 
10 intermediate values between display data at the input sides and the output sides of the ones of the first 
plurality of flip-flops to which they are connected, each signal electrode being connected through a line data 
latch to the output of one of either the first plurality of flip-flops or the second plurality of flip-flops, the line 
data latches being responsive to line pulses to apply the display data for one display line to the signal 
electrodes. 

is To attain said object, the present invention provides circuits for generating intermediate values of 
display data in a driver circuit of a dot matrix display apparatus to expand the display data in the driver 
circuit, instead of expanding the display data in an information processing system. 

The invention also provides dot matrix display apparatus including such a driver circuit 
Viewed from another aspect the invention provides a method for driving a dot matrix display panel 
20 having a plurality of signal electrodes and a plurality of scanning electrodes crossing the signal electrodes, 
on which display dots are formed by the cross points of the signal electrodes and the scanning electrodes; 
wherein intermediate values for at least part of adjacent display data are generated and applied to said 
signal electrodes while the display data for one display line are sequentially shifted into a shift register. 

The invention also provides an information processing system comprising: an CPU for performing 
25 arithmetic operations, a system memory for storing a program executed by the CPU and data used at the 
run time of the program, a dot matrix display apparatus having a dot matrix display panel and a circuit for 
driving said panel, a display controller for sending control signals and display data to said driver circuit, and 
a video buffer memory which holds display data for a display apparatus whose resolution is relatively lower 
than that of said dot matrix display panel and which is accessible from the CPU and the display controller; 
30 wherein said driver circuit has a shift register into which display data are sequentially sent according to 
pixel clocks until display data for one display line is arranged, and the shift register has a plurality of first 
flip flops for sequentially shifting said display data sent from the display controller, intermediate value 
generating circuits for generating intermediate values for at least part of said adjacent display data, and 
second flip flops for applying said intermediate values to signal electrodes. 
35 An embodiment of the invention will now be described by way of example only with reference to the 
accompanying drawings, wherein: 

FIG.1 is a circuit diagram showing the configuration of the main part of a driver circuit for a dot matrix 
display panel of a first embodiment of an information processing system having a dot matrix display 
apparatus according to the present invention; 
40 FIG.2 is a block diagram showing the overall configuration of the first embodiment; 

FIG.3 is a block diagram showing the construction of a dot matrix display apparatus of the first 
embodiment; 

FIG.4 is a circuit diagram showing the first stage of an operation in which display data for low resolution 
is expanded in the horizontal direction in the first embodiment; 
45 FIG.5 is a circuit diagram showing the second stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 

FIG.6 is a circuit diagram showing the third stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 

FIG.7 is a circuit diagram showing the fourth stage of an operation in which the display data for low 
50 resolution is expanded in the horizontal direction in the first embodiment; 

FIG.8 is a circuit diagram showing the fifth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 

FIG.9 is a circuit diagram showing the sixth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 
55 FIG.1 0 is a circuit diagram showing the seventh stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 

FIG.1 1 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 
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FIG. 12 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the first embodiment; 

FIG. 13 is a circuit diagram showing the first stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 
s FIG. 14 is a circuit diagram showing the second stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 

FIG. 15 is a circuit diagram showing the third stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 

FIG. 16 is a circuit diagram showing the fourth stage of an operation in which the display data for low 
10 resolution is expanded also in the vertical direction in the first embodiment; 

FIG. 17 is a circuit diagram showing the fifth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 

FIG. 18 is a circuit diagram showing the sixth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 
75 FIG. 19 is a circuit diagram showing the seventh stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 

FIG.20 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction in the first embodiment; 

FIG.21 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
20 resolution is expanded also in the vertical direction in the first embodiment; 

FIG.22 is a block diagram showing a correlation between the display data for low resolution before 

expansion and the display data for high resolution after expansion in the first embodiment; 

FIG.23 is a circuit diagram showing the configuration of the main part of a driver circuit for a dot matrix 

display panel of a second embodiment of an information processing system having a dot matrix display 
25 apparatus according to the present invention; 

FIG.24 is a circuit diagram showing the first stage of an operation in which the display data for low 

resolution is expanded in the horizontal direction in the second embodiment; 

FIG. 25 is a circuit diagram showing the second stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 
30 FIG. 26 is a circuit diagram showing the third stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 

FIG.27 is a circuit diagram showing the fourth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 

FIG.28 is a circuit diagram showing the fifth stage of an operation in which the display data for low 
35 resolution is expanded in the horizontal direction in the second embodiment; 

FIG. 29 is a circuit diagram showing the sixth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 

FIG. 30 is a circuit diagram showing the seventh stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 
40 FIG.31 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 

FIG. 32 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
resolution is expanded in the horizontal direction in the second embodiment; 

FIG.33 is a circuit diagram showing the first stage of an operation in which the display data for low 
45 resolution is expanded also in the vertical direction and display data for a second display line is 
generated in the second embodiment; 

FIG.34 is a circuit diagram showing the second stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 
50 FIG.35 is a circuit diagram showing the third stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 

FIG.36 is a circuit diagram showing the fourth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
55 generated in the second embodiment; 

FIG.37 is a circuit diagram showing the fifth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 
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FIG. 38 is a circuit diagram showing the sixth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 

FIG. 39 is a circuit diagram showing the seventh stage of an operation in which the display data for low 
5 resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 

FIG. 40 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 
io FIG.41 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the second display line is 
generated in the second embodiment; 

FIG. 42 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for a third display line is generated 
75 in the second embodiment; 

FIG.43 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the third display line is 
generated in the second embodiment; 

FIG.44 is a circuit diagram showing the eighth stage of an operation in which the display data for low 
20 resolution is expanded also in the vertical direction and display data for a fourth display line is generated 
in the second embodiment; 

FIG.45 is a circuit diagram showing the ninth stage of an operation in which the display data for low 
resolution is expanded also in the vertical direction and display data for the fourth display line is 
generated in the second embodiment; 
25 FIG.46 is a block diagram showing a correlation between the display data for low resolution before 
expansion and the display data for high resolution after expansion in the second embodiment; 
FIG.47 is a top view showing the state where a low-resolution display screen and a high-resolution 
display screen which are of the same size are superposed; 

FIG.48 is a top view showing the relationship between the brightness of pixels of high resolution and that 

30 of adjacent pixels of low resolution; 

First described is the relationship between arithmetic expressions for generating an intermediate value and 
expansion ratio s for display data. Within the range of 1<s<2, the following three arithmetic expressions are 
used according to expansion ratio s. However, the following is for a single expansion unit, and in reality the 
following arithmetic operations are repeated according to the number of display data elements. 

35 In the case of 1<s<1.5, an intermediate value is generated and display data is expanded according to 
the following arithmetic expressions. Now, whether the display data is expanded in the horizontal or vertical 
direction, it is assumed that adjacent display data for low resolution which is formed in a line are of the 
brightness of LO, LI. L2, L3, ... Lk, L(m-1), and display data for high resolution after expansion are of the 
brightness of HO, H1, H2, H3, . . Hk, Hm. 

40 direction, it is assumed that adjacent display data for low resolution which is formed in a line are of the 
brightness of LO, L1, L2, L3, ... Lk, L(m-1), and display data for high resolution after expansion are of the 
brightness of HO, H1, H2, H3, ... Hk, Hm. 
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HO = LO 

HI = (s-l)LO+ (2-s)Ll 
H2 =2(s-l)Ll+(3-2s)L2 
H3 =3(s-l)L2+(4-3s)L3 



10 

Hk =k(s-l)L<k-l)+((k+l)-ks)Lk 
75 Hm = L(m-l) 



For example, in the case of s = 1.25 (s = 5/4), an intermediate value is generated and display data is 
expanded according to the following arithmetic expressions: 

20 

HO = LO 

H1 = (1/4)L0 + (3/4)L1 
H2 = (1/2)L1 +(1/2)L2 
H3 = (3/4)L2 + (l/4)L3 
25 H4 = L3 

According to the above arithmetic expressions, 4 elements (in reality, 4n elements; where, n is the number 
of times when the above arithmetic operations are repeated) of the display data for low resolution are 
expanded into 5 elements (in reality, 5n elements) of display data for high resolution. 
30 Further, in the case of s = 1.2 (s = 6/5), an intermediate value is generated and display data is expanded 
according to the following arithmetic expressions: 

HO = LO 

H1 = (1/5)L0 + (4/5)Ll 
35 H2 = (2/5)L1 + (3/5)L2 
H3 = (3/5)L2 + (2/5)L3 
H4 = (4/5)L3 + (1/5)L4 
H5 = L4 

40 According to the above arithmetic expressions, 5 elements (in reality, 5n elements) of the display data for 
low resolution are expanded into 6 elements (in reality, 6n elements) of display data for high resolution. 

In the case of s = 1 .5, an intermediate value is generated and display data is expanded according to the 
following arithmetic expressions: 

45 HO = LO 

H1 = (1/2)L0 + (1/2)L1 
H2 = L1 

According to the above arithmetic expressions, 2 elements (in reality, 2n elements) of the display data for 
50 low resolution are expanded into 3 elements (in reality, 3n elements) of display data for high resolution. 

In the case of 1.5<s<2,^an intermediate value is generated and display data is expanded according to 
the following arithmetic expressions: 
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HO = LO 

HI = (s-l)LO+ (2-s)Ll 

H2 = LI 

H3 = (2s-3)Ll+2(2-s)L2 

H4 = L2 

H5 = (3s-5)LO+3(2-s)Ll 

H6 = L3 



H(2k-l)=(ks-(2k-l) )L(k-l)+k(2-s)Lk 
H2k = Lk 



H2m = Lm 



25 For example, in the case of s = 1.75 (s = 7/4), an intermediate value is generated and display data is 
expanded according to the following arithmetic expressions: 
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40 



According to the above arithmetic expressions, 4 elements (in reality, 4n elements) of the display data for 
low resolution are expanded into 7 elements (in reality, 7n elements) of display data for high resolution. 

Further, in the case of s = 1 .8 (s = 9/4), an intermediate value is generated and display data is expanded 
according to the following arithmetic expressions: 
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50 

According to the above operation expressions, 4 elements (in reality, 4n elements) of the display data for 
low resolution are expanded into 9 elements (in reality, 9n elements) of display data for high resolution. 

According to a first embodiment described below, display data is expanded with 1.5 times in the 
horizontal and vertical directions, and according to a second embodiment, the display data is expanded with 
55 1 .25 times in the horizontal and vertical directions. 

FIG. 2 shows a first embodiment of a data processing apparatus according to the present invention. In 
the figure, connected to a system bus 10 are a CPU 12, a system memory 14, a video buffer memory 
(VRAM) 16, an I/O controller 18, and a display controller 20. Connected to the I/O controller 18 are one or 
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more than one of a keyboard, a mouse, a track ball, and a pen input-type tablet such as a digitizer and a 
touch panel sensor, and connected to the display controller 20 is a dot matrix display apparatus 22. The dot 
matrix display apparatus 22 comprises a dot matrix display panel 24 and a driver circuit 26. The system 
memory 14 is accessed by the CPU 12. The video buffer memory 16 holds display data, which is not only 
5 accessed by the CPU 12, but also read out by the display controller 20. The display controller 20 displays 
the contents of the display data on the dot matrix display panel 24 by sending the display data to the dot 
matrix display apparatus 22 in conjunction with such timing signals as pixel clocks (shift clocks), latch 
pulses, and frame pulses. 

FIG.3 shows an example of the dot matrix display apparatus 22. The dot matrix display panel 24 has a 
w plurality of signal electrodes yO, y1, y2, y3 .... yn and a plurality of scanning electrodes xO, x1, x2, x3 xm 
crossing the signal electrodes and forms display dots at the cross points of the signal electrodes and the 
scanning electrodes. The driver circuit 26 applies display data for one display line to the signal electrodes 
yO, y1, y2, y3 .... A scanning electrode driver block 26B applies a scan signal to only one of the scanning 
electrodes xO, x1, x2, x3 .... xm. The display data is displayed only on the scanning electrode to which the 
75 scan signal are applied. 

A signal electrode driver block 26A comprises a shift register for signal electrodes 30, a line data latch 
32, a comparator 34, and a signal electrode driver 36. Provided to the shift register for signal electrodes 30 
are a pixel clock CK and display data. The pixel clock CK may be also called a shift clock or a dot clock. 
The display data, for example, data which is 4 bits per pixel, is sent by the 4 bits from the display controller 
20 20 to the shift register 30. Pixel data is shifted in the shift register 30 according to the pixel clock CK. When 
the pixel data is shifted in the shift register 30, as described below, the horizontal expansion of the display 
data is executed. 

When pixel data for one display line is arranged, the pixel data is sent from the line data latch 32 to the 
comparator 34 according to a latch pulse LP. As described below, the vertical expansion of the display data 

25 is executed in the line data latch 32. The pixel data is compared with a predetermined reference value in 
the comparator 34, and a signal for displaying gradient is sent from the comparator 34 to the signal 
electrode driver 36. Said reference value is provided from a reference signal generating circuit 38. The 
signal electrode driver 36 is a digital-to-analog converter, which outputs analog value voltage for driving the 
signal electrodes in accordance with digital values provided from the comparator 34. Further, provided to 

30 the line data latch 32 is a line counter pulse LC from a line counter 44. 

The scanning electrode driver block 26B comprises a shift register for scanning electrodes 40 and a 
scanning electrode driver 42. The shift register for scanning electrodes 40 sequentially outputs scan signals 
to the scanning electrodes xO, x1, x2, x3 .... xm according to a latch pulse LP, and the scanning electrode 
driver 42 sequentially outputs desired voltage to the scanning electrodes xO, x1, x2, x3 xm in accordance 

35 with the scan signals from the shift register for scanning electrodes 40. 

FIG.1 shows the configuration of the shift register for signal electrodes 30 and the line data latch 32. 
The shift register for signal electrodes 30 includes a plurality of flip flops AO, A1, A2, A3, A4, A5 .... Now, it 
is assumed that the flip flops AO, A2, A3, and A5 of these flip flops are first flip flops and the remaining flip 
flops A1 and A4 are second flip flops. The first flip flops AO, A2, A3, and A5 are connected in series with 

40 each other. Respectively connected to each output of the flip flops A2 and A5, part of the first flip flops AO, 
A2, A3, and A5, are first intermediate value generating circuits CO and C1 which generate intermediate 
values between display data on the input sides and display data on the output sides of the flip flops. If the 
number of signal electrodes is, for example, 1024, the number of the flip flops AO, A1, A2, A3, A4, A5 ... is 
1024 accordingly. In the flip flops AO, A1, A2, A3, A4, A5 the configuration in which two of the first flip 

45 flops is followed by one of the second flip flops, is repeated with the exception of both ends. 

The first intermediate value generating circuits CO, C1, ... are circuits which output the simple average 
value of two input values. Connected to each output of the intermediate value generating circuits CO and C1 
are second flip flops A1 and A4. The flip flops AO, A1 , A2, A3, A4, A5 ... are a kind of D-type flip flop. The 
pixel clock CK is simultaneously applied to all of the flip flops AO, A1, A2, A3, A4, A5 .... The output values 

so of the intermediate value generating circuits CO, C1, ... appear on their output lines the moment two input 
values are provided. Therefore, the operations of the second flip flops A2, A4 ... for outputting intermediate 
values coincide with the output operations of the first flip flops AO, A1, A3, A5 .... 

The outputs of the flip flops AO, A1, A2, A3, A4, A5 ... are connected, through the line data latch 32, to 
the signal electrodes yO, y1, y2, y3, y4, y5 .... respectively. Therefore, the average value of display data for 

55 the signal electrodes yO and y2 is provided to the signal electrode y1 , and the average value of display data 
for the signal electrodes y3 and y5 is provided to the signal electrode y4. In other words, a signal electrode 
to which the average value of display data of adjacent signal electrodes is provided appears every third 
signal electrode with the exception of both ends. Consequently, the display data is expanded with 1.5 times 
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in the horizontal direction. 

The line data latch 32 has a plurality of flip flops BO, B1 f B2, B3, B4, B5 .... The flip flops AO, A1, A2, 
A3, A4, A5 ... of the shift register 30 are connected, through the flip flops BO, B1, B2, B3, B4, B5 ... of the 
line data latch 32, to the signal electrodes yO, y1, y2, y3, y4, y5 .... respectively. Further, provided, 
5 respectively between the flip flops AO, A1 , A2, A3, A4, A5 ... of the shift register 30 and the flip flops BO. B1 , 
B2, B3, B4, B5 ... of the line data latch 32 are second intermediate value generating circuits DO, D1, D2, D3, 
D4, D5 .... 

The second intermediate value generating circuits DO, D1, D2, D3, D4, D5 ... are circuits for outputting a 
simple average value of two inputs the moment the two inputs are applied. One of the two inputs of the 

w intermediate value generating circuits DO, D1, D2, D3, D4, D5 ... is one of the outputs of the corresponding 
flip flops AO, A1, A2, A3, A4, A5 ... of the shift register 30, and the other of the two inputs is one of the 
outputs of the corresponding flip flops BO, B1, B2, B3, B4, B5 ... of the line data latch 32. Inputted to the 
second intermediate value generating circuits DO, D1 , D2, D3, D4, D5 ... is a line counter pulse LC from the 
line counter 44 (FIG.3). The line counter pulse LC selectively becomes active and enables the second 

75 intermediate value generating circuits DO, D1, D2, D3, D4, D5 ... only when driving predetermined display 
lines, and it disables the second intermediate value generating circuits DO, D1, D2, D3, D4, D5 ... when 
driving other display lines. 

For example, the line counter 44 enables the second intermediate value generating circuits DO, D1, D2, 
D3, D4, D5 ... only when applying scan signals to the scanning electrodes x1, x4, x7 ... and driving display 

20 lines corresponding to these scanning electrodes. Therefore, display data which has an intermediate value 
between the display data of the scanning electrode xO and that of the scanning electrode x2 appears in the 
scanning electrode x1, display data which has an intermediate value between the display data of the 
scanning electrode x3 and that of the scanning electrode x5 appears in the scanning electrode x4, display 
data which has an intermediate value between the display data of the scanning electrode x6 and that of the 

25 scanning electrode x8 appears in the scanning electrode x7, and so forth. In this way, display data which 
has an intermediate value between display data for two adjacent scanning electrodes appears in every third 
scanning electrode. Consequently, the display data is expanded with 1 .5 times in the vertical direction. 

In the following, the operations of the first embodiment are described in detail by referring more 
particularly to FIG.4 to FIG.21. In FIG.4 to FIG.21, display data LOO, L01, L02 L10, L11, L12, ... are the 

30 display data before expansion and the display data for a dot matrix display apparatus whose resolution is 
relatively low. The display data before expansion is sent from the display controller 20 to the display 
apparatus 22. Display data H00, HOI, H02, ... s H10 s H11, H12, ... are the display data after expansion and 
the display data for a dot matrix display apparatus whose resolution is relatively high. The display data is 
expanded by the driver circuit 24. The display data LOO, L01, L02, ... are the display data which are 

35 displayed in a first display line on the dot matrix display apparatus whose resolution is low, and the display 
data L10, L11, L12, ... are the display data which are displayed in a second display line on the dot matrix 
display apparatus whose resolution is low. The display data H00, H01 , H02, ... are the display data which 
are displayed in a first display line on the dot matrix display apparatus whose resolution is high, and the 
display data H10, H11, H12, ... are the display data which are displayed in a second display line on the dot 

40 matrix display apparatus whose resolution is high. 

FIG.4 to FIG. 12 show the state where the display data LOO, L01, L02, L03, ... for low resolution are 
expanded with 1.5 times in the horizontal direction and converted to the display data H00, H01, H02, H03, 
H04, H05, ... for high resolution. Now, the relationship between the display data LOO, L01, L02, L03, ... for 
low resolution and the display data H00, H01, H02, H03, H04, H05, ... for high resolution is as follows: 

45 H0O = LOO, H01 =(L00 + L01)/2, H02 = L01, H03 = L02, H04 = (L02 + L03)/2, H05 = L03, .... In FIG.4 to FIG.12, 
the intermediate value generating circuits DO, D1, D2, D3, D4, D5 ... shown in FIG.1 are omitted. 

In FIG.4, while the display data LOO is provided to the flip flop A5, it is provided to one of two inputs of 
the intermediate value generating circuit C1 on the output side of the flip flop A5. In FIG.5, when a first pixel 
clock CKO is provided to the flip flop A5, the output of the flip flop A5 becomes the display data LOO. In 

50 FIG.6, when the display data L01 is provided to the flip flop A5, the output of the flip flop A5 continues to be 
the display data LOO, but the output of the intermediate value generating circuit C1 becomes (L00 + L01)/2. 
In FIG.7, when a second pixel clock CK1 is provided to the flip flops A5, A4, and A3, the output of the flip 
flop A5 becomes L01, the output of the flip flop A4 becomes (L00 + L01)/2, and the output of the flip flop A3 
becomes LOO. 

55 In FIG.8, while the display data L02 is provided to the flip flop A5, it is provided to one of two inputs of 
the intermediate value generating circuit C1 on the output side of the flip flop A5. The output of the 
intermediate value generating circuit C1 becomes (L01 + L02)/2. In FIG.9, when a third pixel clock CK2 is 
provided to the flip flops A5, A4, A3, A2, and A1 , the output of the flip flop A5 becomes L02, the output of 
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the flip flop A4 becomes (L01 + L02)/2, the output of the flip flop A3 becomes L01, and the output of the flip 
flop A2 becomes LOO. Further, the output of the intermediate value generating circuit CO becomes 
(L00 + L01)/2. 

In FIG. 10, while the display data L03 is provided to the flip flop A5, it is provided to one of two inputs of 

5 the intermediate value generating circuit C1 on the output side of the flip flop A5. The output of the 
intermediate value generating circuit C1 becomes (L02 + L03)/2. In FIG. 11, when a fourth pixel clock CK3 is 
provided to the flip flops A5, A4, A3, A2, A1 , and AO, the output of the flip flop A5 becomes L03, the output 
of the flip flop A4 becomes (L02 + L03)/2, the output of the flip flop A3 becomes L02, the output of the flip 
flop A2 becomes L01, the output of the flip flop A1 becomes (L00 + L01)/2, and the output of the flip flop AO 

10 becomes LOO. In FIG. 12, when a latch pulse LP is simultaneously provided to the flip flops B5, B4, B3, B2, 
B1, and BO of the line data latch 32, the flip flops B5, B4, B3, B2, B1, BO output L03, (L02 + L03)/2, L02, 
L01, (L00 + L0l)/2, LOO, respectively. 

Thus, the four elements of display data L03, L02, L01, and LOO for low resolution sent to the shift 
register 30 are expanded with 1 .5 times in the shift register 30 and converted to the six elements of display 

75 data L03, (L02 + L03)/2, L02, L01, (L00 + L01)/2, LOO for high resolution. Now, if it is assumed that the six 
elements of display data for high resolution are H05, H04, H03, H02, H01, and H00, H05 = L03, H04 = - 
(L02 + L03)/2, H03 = L02, H02 = L01, H01 = (LOO + L01)/2, and H00 = L00 are established as described above. 
These elements of display data for high resolution are outputted to the six signal electrodes y5, y4, y3, y2, 
y1, and yO of a high-resolution display apparatus. Simultaneously, a scan signal is applied to the first 

20 scanning electrode xO corresponding to the first display line of a plurality of the scanning electrodes xO, x1, 
x2, x3 and display is presented in the first display line in accordance with the display data H05, H04, 
H03, H02, H01 , and H00 for high resolution. 

The number of a shift clock CK needed for data expansion is only 4 (in reality, 4 times n; where, n is 
the number of times when the configuration of illustrated sections of circuits is repeated in an actual circuit) 

25 of a first shift clock to a fourth shift clock, CKO to CK3. That is, while the display data is expanded with 1 .5 
times, the number of the shift clocks CK needed for an operation is the same as in the case where the 
display data is shifted in the shift register 30 without being expanded. As described above as explanation of 
prior arts, if the display data is expanded with 1 .5 times using any means and then sent to a shift register, 6 
pieces (in reality, 6 times n) of the display data are shifted as a result. Therefore, in such prior arts, the 

30 number of the shift clocks CK needed for an operation is 6 (in reality, 6 times n) and it is difficult to make 
the contents of display follow the variations in the display data before expansion. On the contrary, according 
to said embodiment, since the display data before expansion can be expanded with 1.5 times using only 
the number of the shift clocks needed to make it shift in a shift register without performing an expansion 
operation, it is easy to make the contents of display follow the variations in the display data before 

35 expansion. 

FIG. 13 to FIG. 21 show the state where display data for low resolution is expanded with 1.5 times in the 
vertical direction, that is the display data H10, H11, H12, H13, H14, H15, ... of a second display line for high 
resolution are generated by the display data LOO, L01, L02, L03 ... of a first display line for low resolution 
and the display data L10, L11, L12, L13 ... of a second display line for low resolution. The generation of the 
40 display data H00, H01, H02, H03, H04, H05, ... of a first display line for high resolution is already described. 
The display data H20, H21, H22, H23, H24, H25, ... of a third display line for high resolution are generated 
by simply expanding the display data L10, L11, L12, L13 ... of the second display line for low resolution in 
the horizontal direction. 

Now, the relationship between the display data LOO, L01, L02, L03, ... of the first display line for low 
45 resolution as well as the display data L10, L11, L12, L13 ... of the second display line for low resolution and 
the display data H10, H11, H12, H13, H14, H15, ... of the second display line for high resolution is as 
follows: H10 = (L00 + L10)/2, H1 1 = (LOO + L01 + L10 + L1 1)/4, H12 = (L01 + L1 1)/2, H13 = (L02 + Ll2)/2, H14 = - 

(L02 + L03 + L1 2 + L1 3)/4, H1 5 = (L03 + L1 3) 

In FIG.13, the flip flops B5, B4, B3, B2, B1, and BO hold the display data for the first signal electrode 
50 xO, that is, for the first display line. In this state, while the display data L1 0 is provided to the flip flop A5, it 
is provided to one of two inputs of the intermediate value generating circuit C1 on the output side of the flip 
flop A5. In FIG. 14, when a first pixel clock CKO is provided to the flip flop A5, the output of the flip flop A5 
becomes the display data L10. In FIG. 15, when the display data L11 is provided to the flip flop A5, the 
output of the flip flop A5 continues to be the display data L10, but the output of the intermediate value 
55 generating circuit C1 becomes (Ll0 + L11)/2. In FIG. 16, when a second pixel clock CK1 is provided to the 
flip flops A5, A4, and A3, the output of the flip flop A5 becomes L1 1 , the output of the flip flop A4 becomes 
(Ll0 + Ll1)/2, and the output of the flip flop A3 becomes L10. 
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In FIG. 17, while the display data L12 is provided to the flip flop A5, it is provided to one of two inputs of 
the intermediate value generating circuit C1 on the output side of the flip flop A5. The output of the 
intermediate value generating circuit C1 becomes (L11 +L1 2)12. In FIG. 18, when a third pixel clock CK2 is 
provided to the flip flops A5, A4, A3, A2, and A1, the output of the flip flop A5 becomes L12, the output of 

5 the flip flop A4 becomes L1 1 , the output of the flip flop A3 becomes L1 1 , and the output of the flip flop A2 
becomes L10. Further, the output of the intermediate value generating circuit CO becomes (L10 + L11)/2. 

In FIG. 19, while the display data L13 is provided to the flip flop A5, it is provided to one of two inputs of 
the intermediate value generating circuit C1 on the output side of the flip flop A5. The output of the 
intermediate value generating circuit C1 becomes (L12 + L13)/2. 

io In FIG.20, when a fourth pixel clock CK3 is provided to the flip flops A5, A4, A3, A2, A1 , and AO, the 
output of the flip flop A5 becomes L13, the output of the flip flop A4 becomes (L12 + L13)/2, the output of 
the flip flop A3 becomes L12, the output of the flip flop A2 becomes L11, the output of the flip flop A1 
becomes (L10 + L1 1)/2, and the output of the flip flop AO becomes L10. Each of these outputs is provided to 
one of two inputs of each of the intermediate value generating circuits D5, D4, D3, 02, D1, and DO. 

75 Respectively provided to the other of two inputs of each of the intermediate value generating circuits D5, 
D4, D3, D2, D1, and DO are the display data of the first display line L03, (L02 + L03)/2, L02, L01, 
(L00 + L01)/2, and LOO. Consequently, the output of each of the intermediate value generating circuits D5, 
D4, D3, D2, D1, and DO becomes (L03 + L13), (L02 + L03 + L12 + L13)/4, (L02 + L1 2)/2, (L01+L11)/2, 
(LOO + L01 + L1 0 + L1 1 )/4, and (LOO + L1 0)/2, respectively. 

20 In FIG.21, when a latch pulse LP is simultaneously provided to each of the flip flops B5, B4, B3, B2, B1, 
and BO of the line data latch 32, the flip flops B5, B4, B3, B2, B1, and BO output (L03 + L13), 
(L02 + L03 + L12 + L13)/4, (L02 + L12)/2, (L01 +L11)/2, (LOO + L01 +L10 + L11)/4, (L00 + L10)/2, respectively. 

Thus, the four elements of display data L13, L12, L11, and L10 for low resolution sent to the shift 
register 30 are not only expanded with 1 .5 times in the horizontal direction in the shift register 30, but also 

25 expanded with 1.5 times in the vertical direction in the line data latch 32, and the six elements of display 
data (L03 + L1 3), (L02 + L03 + L1 2 + L1 3)/4, (L02 + L1 2)/2, (L01 + L1 1 )/2, (LOO + L01 + L01 + L1 1 )/4, (LOO + L1 0)- 
12 of the second display line for high resolution are generated. 

Now, if it is assumed that the six elements of display data for high resolution are H15, H14, H13, H12, 
H11, and H10, H15 = (L03 + L13), H14 = (L02 + L03 + L12 + L13)/4, H13 = (L02 + L12)/2, H12 = (L01 + L11)/2, 

30 H11 =(L0O + LO1 +L10 + L11)/4, and H10 = (LOO + L10)/2 are established as described above. These display 
data for high resolution are outputted to the six signal electrodes y5, y4, y3, y2, y1, and yO of a high- 
resolution display apparatus. Simultaneously, a scan signal is applied to the second scanning electrode x1 
corresponding to the second display line of a plurality of the scanning electrodes xO, x1, x2, x3 and 
display is presented in the second display line in accordance with the display data H15, H14, H13, H12, 

35 H11, and H10 for high resolution. 

FIG. 22 shows the relationship between display data on a low-resolution display screen before expansion 
according to said embodiment and display data on a high-resolution display screen after expansion 
according to said embodiment. When display data is expanded, the display data for low resolution is not 
simply duplicated, but the display data is expanded using intermediate values of adjacent display data for 

40 low resolution, and thereby the state of brightness distribution of a display screen before expansion is 
similar to that of brightness distribution of a display screen after expansion, and the expansion of the 
display data does not cause a visual difference in comparison with the original display screen. 

The number of the shift clocks CK needed for data expansion is only four (in reality, 4 times n; where, n 
is the number of times when the configuration of illustrated sections of circuits is repeated in actual circuits) 

45 of a first shift clock to a fourth shift clock, CKO to CK3. That is, while the display data is expanded with 1 .5 
times in the horizontal and the vertical directions, the number of the shift clocks CK needed for operations is 
the same as in the case where the display data is shifted in the shift register 30 without being expanded. 

According to such a first embodiment, it is possible to expand the display data for low resolution to the 
display data for high resolution and make it shift in a shift register using only the number of the shift clocks 

50 needed to make it shift in the shift register without expanding the display data for low resolution. Therefore, 
this does not cause the reduction in a speed of processing or display during data expansion. Further, there 
is also an advantage that clocks of multiple frequencies are not required. 

While the display data is expanded with 1.5 times in the horizontal and the vertical directions in the first 
embodiment, data expansion with ratio other than 1.5 times is described in the following. However, the 

55 description of the part which is the same as or similar to said embodiment is omitted or simplified using the 
same numerals or symbols as in said embodiment. 

FIG. 23 shows the important part of a second embodiment. In the figure, a shift register for signal 
electrodes 130 has the first flip flops AO, A1, A2, A3, A4 ... and second flip flops JO, J1, J2 The first flip 
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flops AO, A1, A2, A3 ... are connected in series with one another. Respectively connected to each of the 
outputs of the flip flops A1, A2, and A3, part of the first flip flops AO, A1, A2, A3 .... are intermediate value 
generating circuits EO, FO, and GO for generating intermediate values between display data on the input 
sides and display data on the output sides of the flip flops. Though only four flip flops AO, A1 , A2, A3 are 

5 shown as the first flip flops in the figure, such a configuration as shown in the figure is repeated in the shift 
register for signal electrodes 130. 

Each of the intermediate value generating circuits EO, FO, and GO outputs an intermediate value of two 
input values, which is different from one another. If it is assumed that the two input values are M and N, the 
intermediate value generating circuit EO outputs (s-1)M + (2-s)N. The intermediate value generating circuit 

w FO outputs 2(s-1)M + (3-2s)N. And, the intermediate value generating circuit GO outputs 3(s-1 )M + (4-3s)N. In 
which case, s = 1 .25 is assumed. 

Connected to each of the outputs of the intermediate value generating circuits EO, FO, and GO are 
second flip flops JO, J1, and J2. Each output of the remaining first flip flop AO and the second flip flops JO, 
J1, and J2 is connected, through a line data latch 132, to the signal electrodes yO, y1, y2, y3, y4 .... 

75 respectively. 

The line data latch 132 has a plurality of the flip flops BO, B1, B2, B3, B4 .... Each of the flip flops AO, 
JO, J1, and J2 of the shift register 130 is connected, through the flip flops BO, B1, B2, B3, B4 of the line 
data latch 132, to the signal electrodes yO, y1, y2, y3, and y4. Further, provided between each of the flip 
flops AO, JO, J1, and J2 of the shift register 130 and each of the flip flops BO, B1, B2, B3, and B4 of the line 

20 data latch 132 are variable intermediate value generating circuits MO, M1, M2, M3, and M4, respectively. 

The variable intermediate value generating circuits MO, M1 , M2, M3, and M4 are circuits for outputting 
either a value obtained from simply averaging two inputs or (s-1)M + (2-s)N if it is assumed that the two 
inputs are M and N, in response to a line counter pulse LC. However, s = 1.25 is assumed here. One of two 
inputs to the intermediate value generating circuits MO, M1, M2, M3, and M4 is an output of each of the 

25 corresponding flip flops AO, JO, J1, and J2 in the shift register 130, and the other of the two inputs is an 
output of each of the corresponding flip flops BO, B1, B2, B3, B4 in the line data latch 132. However, an 
output of each of the flip flops BO, B1 , B2, B3, and B4 is provided, through selectors SO, S1 , S2, S3, and 
S4, to an input of each of the variable intermediate value generating circuits MO, M1, M2, M3, and M4. 

One input of each of the selectors SO, S1 , S2, S3, and S4 is an output of each of the flip flops BO, B1 , 

30 B2, B3, and B4 as described above, while the other input is provided, through flip flops KO, K1 , K2, K3, and 
K4, to an output of the flip flops AO, JO, J1, and J2 of the shift register 130. A latch pulse LP is inputted into 
the flip flops K0, K1, K2, K3, and K4. The flip flops K0. K1, K2, K3, and K4 are data buffers for holding a 
previous output of the flip flops AO, JO, J1, and J2. The selectors SO, S1, S2, S3, and S4 selectively output 
only one of two inputs in response to the line counter pulse LC. 

35 FIG. 24 to FIG.32 shows the state where the display data is expanded with 1.25 times in the horizontal 
direction in the second embodiment. In these figures, the flip flops K0, K1 , K2, K3, and K4, the selectors SO, 
S1. S2, S3, and S4, and the variable intermediate value generating circuits M0, M1, M2, M3, and M4 in the 
line data latch 132 are omitted. 

In FIG.24, while the display data LOO is provided to the flip flop A3, it is provided to one of two inputs of 

40 the intermediate value generating circuit GO on the output side of the flip flop A3. In FIG.25, when a first 
pixel clock CK0 is provided to the flip flop A3, the output of the flip flop A3 becomes the display data LOO. 
In FIG.26, when the display data L01 is provided to the flip flop A3, the output of the flip flop A3 continues 
to be the display data LOO, but the output of the intermediate value generating circuit GO becomes 3(s-1)- 
L00 + (4-3s)L01 . However, s = 1.25 is assumed here. In FIG.27, when a second pixel clock CK1 is provided 

45 to the flip flops A3, A2, and J2, the output of the flip flop A3 becomes L01 , the output of the flip flop J2 
becomes 3(s-1 )L00 + (4-3s)L01 , and the output of the flip flop A2 becomes LOO. 

In FIG.28, while the display data L02 is provided to the flip flop A3, it is provided to one of two inputs of 
the intermediate value generating circuit GO on the output side of the flip flop A3. The output of the 
intermediate value generating circuit GO becomes 3(s-1)L01 +(4-3s)L02. 

50 Further, one of two inputs of the intermediate value generating circuit FO is LOO, the other becomes L01 , 
and its output becomes 2(s-1 )L00 + (3-2s)L01 . In FIG.29, when a third pixel clock CK2 is provided to the flip 
flops A3, A2, A1, J2, and J1, the output of the flip flop A3 becomes L02, the output of the flip flop J2 
becomes 3(s-1)L01 +(4-3s)L02, the output of the flip flop J1 becomes 2(s-1)L00 + (3-2s)L01, and the output 
of the flip flop A1 becomes LOO. 

55 In FIG. 30, while the display data L03 is provided to the flip flop A3, it is provided to one of two inputs of 
the intermediate value generating circuit GO on the output side of the flip flop A3. The output of the 
intermediate value generating circuit GO becomes 3(s-1)L02 + (4-3s)L03. Further, the output of the inter- 
mediate value generating circuit FO becomes 2(s-1 )L01 + (3-2s)L02, and the output of the intermediate value 



12 



EP 0 574 142 A1 



generating circuit EO becomes (s-1 )L00 + (2-s)L01 . In FIG.31, when a fourth pixel clock CK3 is provided to 
the flip flops A3, A2, A1, AO, J2, J1, and JO, the output of the flip flop A3 becomes L03, and the output of 
the flip flop J2 becomes 3(s-1)L02 + (4-3s)L03. Further, the output of the flip flop J1 becomes 2(s-1)L01 +(3- 
2s)L02, the output of the flip flop JO becomes (s-1 )L00 + (2-s)L01 , and the output of the flip flop AO becomes 

5 LOO. In FIG.32, when a latch pulse LP is simultaneously provided to the flip flops B4, B3, B2, B1 , and BO of 
the line data latch 132, the flip flops B4, B3, B2, B1, and BO output L03, 3(s-1)L02 + (4-3s)L03, 2(s-1)L01 +- 
(3-2s)L02, (s-1)L00 + (2-s)L01, and LOO, respectively. 

Thus, the four elements of display data L03, L02, L01, and LOO for low resolution sent to the shift 
register 130 are expanded with 1.25 times in the shift register 130 and converted to the five elements of 

10 display data L03, 3(s-1)L02 + (4-3s)L03, 2(s-1)L01 +(3-2s)L02, (s-1)LO0 + (2-s)LO1, LOO for high resolution. 
Now, if it is assumed that the five elements of display data for high resolution are H04, H03, H02, H01 , and 
H00, H04 = L03, H03 = 3(s-1 )L02 + (4-3s)L03, H02 = 2(s-1 )L01 + (3-2s)L02, H01 = (s-1 )L00 + (2-s)L01 , and 
H00 = L0O are established. These display data for high resolution are outputted to the five signal electrodes 
y4, y3, y2, y1, and yO of a high-resolution display apparatus. Simultaneously, a scan signal is applied to the 

75 first scanning electrode xO corresponding to the first display line of a plurality of the scanning electrodes xO, 
x1, x2, x3 and display is presented in the first display line based on the display data H04, H03, H02, 
H01, and H00 for high resolution. 

The number of shift clocks CK needed for data expansion is only four (in reality, 4 times n; where, n is 
the number of times when the configuration of illustrated sections of circuits is repeated in actual circuits) of 

20 a first shift clock to a fourth shift clock, CKO to CK3. That is, while the display data is expanded with 1 .25 
times, the number of the shift clocks CK needed for operations is the same as in the case where the display 
data is shifted in the shift register 130 without being expanded. As described above as explanation of prior 
arts, if the display data is expanded with 1 .25 times using some means and then sent to a shift register, 5 
pieces (in reality, 5 times n) of the display data are shifted as a result. Therefore, in such prior arts, the 

25 number of the shift clocks CK needed for operations is five (in reality, 5 times n) and it is difficult to make 
the contents of display follow the variation in the display data before expansion. On the contrary, according 
to said embodiment, since the display data before expansion can be expanded with 1 .25 times using only 
the number of the shift clocks needed to make it shift in the shift register without performing an expansion 
operation, it is easy to make the contents of display follow the variation in the display data before 

30 expansion. 

FIG.33 to FIG.41 shows the state where the display data H10, H11, H12, H13, H14 ... of a second 
display line for high resolution are generated when the display data for low resolution is expanded with 1 .25 
times in the vertical direction and displayed. Now, if it is assumed that the display data of the first display 
line for low resolution are LOO, L01, L02, L03 .... the display data of the second display line for low 
35 resolution are L10, L11, L12, L13 and the display data of the second display line for high resolution are 
H10, H11, H12, H13, H14, H15 the following relationship is established: 

H10 = (s-1)HOO + (2-s)H10* 
H11 =(s-1)H01 +(2-s)H11* 
40 H1 2 = (s-1 )H02 + (2-s)H1 T 
H13 = (s-1)H03 + (2-s)H13* 
H14 = (s-1)H04 + (2-s)H14* 

However, as described above, the following relationship is established: 

45 

H00 = L00 

H01 = (s-1)L00 + (2-s)L01 
H02 = 2(s-1)L01 +(3-2s)L02 
H03 = 3(s-1 )L02 + (4-3s)L03 
50 H04 = L03 

Further, the following relationship is established: 

H10*=L10 
55 H11*= (s-1)L10 + (2-s)L11 
H12* = 2(S-1)L11 +(3-2s)L12 
H1 3* = 3(s-1 )L1 2 + (4-3s)L1 3 
H14* = L13 
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In FIG.33, each of the selectors S4, S3, S2, S1 , and SO selects one of two inputs, which is the output of 
each of the flip flops B4, B3, B2, B1 , and BO in response to a line counter pulse LC. Each of the flip flops 
B4, B3, B2, B1, and BO holds the display data H04, H03, H02, H01, and H00 for the first signal electrode 
5 xO, that is, for the first display line. In this state, while the display data L10 is provided to the flip flop A3, it 
is provided to one of two inputs of the intermediate value generating circuit GO on the output side of the flip 
flop A3. 

In FIG.34, when a first pixel clock CKO is provided to the flip flop A3, the output of the flip flop A3 
becomes the display data L10. In FIG.35, when the display data L11 is provided to the flip flop A3, the 

10 output of the flip flop A3 continues to be the display data L10, but an output of the intermediate value 
generating circuit GO becomes 3(s-1)L10 + (4-3s)L11. In FIG.36, when a second pixel clock CK1 is provided 
to the flip flops A3, A2, and J2, the output of the flip flop A3 becomes L1 1 , the output of the flip flop J2 
becomes 3(s-1 )L1 0 + (4-3s)L1 1 , the output of the flip flop A2 becomes L10, and the output of the 
intermediate value generating circuit FO becomes 2(s-1)L10 + (3-2s)L11. 

75 In FIG.37, while the display data L12 is provided to the flip flop A3, it is provided to one of two inputs of 
the intermediate value generating circuit GO on the output side of the flip flop A3. The output of the 
intermediate value generating circuit GO becomes 3(s-1)L11 +(4-3s)L12, and the output of the intermediate 
value generating circuit FO becomes 2(s-1)L10 + (3-2s)L11. In FIG.38, when a third pixel clock CK2 is 
provided to the flip flops A3, A2, A1, J2, and J1, the output of the flip flop A3 becomes L12, the output of 

20 the flip flop J2 becomes 3(s-1)L11 +(4-3s)L12, the output of the flip flop A2 becomes L11, the output of the 
flip flop J1 becomes 2(s-1)L10 + (3-2s)L11, and the output of the flip flop A1 becomes L10. 

In FIG.39, while the display data L13 is provided to the flip flop A3, it is provided to one of two inputs of 
the intermediate value generating circuit GO on the output side of the flip flop A3. The output of the 
intermediate value generating circuit GO becomes 3(s-1)L12 + (4-3s)L13. 

25 In FIG.40, when a fourth pixel clock CK3 is provided to the flip flops A3, A2, A1, AO, J2, J1, and JO, the 
output of the flip flop A3 becomes L13, the output of the flip flop J2 becomes 3(s-1)L12 + (4-3s)L13, the 
output of the flip flop A2 becomes L12, the output of the flip flop J1 becomes 2(s-1)L11 + (3-2s)L12, the 
output of the flip flop A1 becomes L11, the output of the flip flop JO becomes (s-1)L10 + (2-s)L11, and the 
output of the flip flop AO becomes L10. 

30 Now, if it is assumed that L13 = H14*, 3(s-1)L12 + (4-3s)Lt3 = H13*. 2(s-1)L11 +(3-2s)L12 = H12*, (s-1)- 

L10 + (2-s)L11 =H11*, and L10 = H10*. H14*. H13*. H12*. HIT, and H10* are respectively provided to one of 
two inputs of each of the variable intermediate value generating circuits M4, M3, M2, M1, and MO, and, H04, 
H03, H02, H01, and H00 are respectively provided to the other of two inputs of each of the variable 
intermediate value generating circuits M4, M3, M2, M1 , and MO. The variable intermediate value generating 

35 circuits M4, M3, M2, M1, and MO perform a predetermined operation for said two inputs in response to a 
line counter pulse LC and output (s-1)H04 + (2-s)H14*, (s-1)H03 + (2-s)H13\ (s-1)H02 + (2-s)H12*, (s-1)H01 +- 
(2-s)Hir, (s-1)H0O + (2-s)H10*. respectively. 

In FIG.41, when a latch pulse LP is simultaneously provided to each of the flip flops B4, B3, B2, B1, 
and BO of the line data latch 132, the flip flops B4, B3, B2, B1, and BO output <s-1)H04 + (2-s)H14*. (s-1)- 

40 H03 + (2-s)H13", <s-1)H02 + (2-s)H12*, (s-1)H01 + (2-s)H1 1*. (s-1 )H00 + (2-s)H1 0*. respectively. 

Now, if it is assumed that the five display data for high resolution are H14, H13, H12, H11, and H10, 
then H14 = (s-1)H04 + (2-s)H14*, H13 = (s-1)H03 + (2-s)H13*. H12 = (s-1)H02 + (2-s)H12*. H1 1 = (s-1 )H01 + (2- 
s)H11", and H10 = (s-1)H0O + (2-s)H10* are established as described above. These display data for high 
resolution are outputted to the five signal electrodes y4, y3, y2, y1, and yO of a high-resolution display 

45 apparatus. Simultaneously, a scan signal is applied to the second scanning electrode x1 corresponding to 
the second display line of a plurality of the scanning electrodes xO, x1 , x2, x3 .... and display is presented in 
the second display line based on the display data H14, H13, H12, H11, and H10 for high resolution. 

FIG.42 and FIG.43 show the state where the display data H20, H21, H22, H23, H24 ... of a third display 
line for high resolution are generated when the display data for low resolution is expanded with 1 .25 times 

50 in the vertical direction as well and displayed. Now, if it is assumed that the display data of a third display 
line for low resolution are L20, L21, L22, L23 ... and the display data of the third display line for high 
resolution are H20, H21, H22, H23, H24 .... the following relationship is established: 

H20 = (HlO*+H20*)/2 
55 H21 =(Hir + H2l*)/2 
H22 = (H12- + H22*)/2 
H23 = (H13' + H23*)/2 
H24 = (H14- + H24*)/2 
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However, the following relationship is established: 
H20' = L20 

H21"= (s-1)L20 + <2-s)L21 
5 H22* = 2(s-1 )L21 + (3-2s)L22 
H23" = 3(s-1 )L22 + <4-3s)L23 
H24* = L23 

In FIG.42 and FIG.43, each of the selectors S4, S3, S2, S1, and SO selects one of two inputs which is 
10 connected to the output lines of the flip flops K4, K3, K2, K1 , and KO in response to a line counter pulse LC. 
The flip flops K4, K3, K2, K1. and KO hold H14*. H13*. H12*. Hir, and H10*. respectively which are 
generated while the display data H14, H13, H12, H11, and H10 of the second display line for high resolution 
are generated. Further, each of the variable intermediate value generating circuits M4, M3, M2, M1, and MO 
outputs a value obtained from simply averaging two inputs in response to a line counter pulse LC. 
75 FIG.42 shows the state where a fourth pixel clock CK3 is provided to the flip flops A3, A2, A1, AO, J2, 
J1, and JO after the display data L20, L21, L22, and L23 are sequentially provided to the flip flop A3. The 
output of the flip flop A3 becomes L23, the output of the flip flop J2 becomes 3(s-1 )L22 + (4-3s)L23, the 
output of the flip flop A2 becomes L22, the output of the flip flop J1 becomes 2(s-1)L21 +(3-2s)L22, the 
output of the flip flop A1 becomes L21, the output of the flip flop JO becomes (s-1)L20 + (2-s)L21 , and the 
20 output of the flip flop AO becomes L20. 

Now, if it is assumed that L23 = H24*, 3(s-1 )L22 + (4-3s)L23 = H23*, 2(s-1)L21 + (3-2s)L22 = H22*, (s-1)- 
L20 + (2-s)L21 =H21 W , and L20 = H20*. the variable intermediate value generating circuits M4, M3, M2, M1, 
and MO output (H14*+ H24*)/2, <H13* + H23*)/2, (H12* + H22*)/2, (H1 1* + H21*)/2. and (H10* + H20*)/2, respec- 
tively. 

25 In FIG.43, when a latch pulse LP is simultaneously provided to each of the flip flops B4, B3, B2, B1, 
and BO of the line data latch 132, the flip flops B4, B3, B2, B1, and BO output (H1 4* + H24*)/2, (H13*+H23> 
/2, (H12* + H22*)/2, (H1 1* + H21*)/2, (H10* + H20*)/2. respectively. 

FIG.44 and FIG.45 show the state where the display data H20, H21, H22, H23, H24 ... of a fourth 
display line for high resolution are generated when the display data for low resolution is expanded and 

30 displayed with 1 .25 times also in the vertical direction. Now, if it is assumed that the display data of a fourth 
display line for low resolution are L30, L31, L32, L33 ... and the display data of the fourth display line for 
high resolution are H30, H3i, H32, H33, H34 .... the following relationship is established: 

H30 = (H20* + H30*)/2 
35 H31 =(H2r+H31")/2 
H32 = (H22* + H32*)/2 
H33 = (H23* + H33*)/2 
H34 = (H24* + H34*)/2 

However, the following relationship is established: 

40 

H30*=L30 

H31*= (s-1)L30 + (2-s)L31 
H32* = 2(s-1)L31 +(3-2s)L32 
H33* = 3(s-1 )L32 + (4-3s)L33 
45 H34* = L33 

In FIG.44 and FIG.45, each of the selectors S4 t S3, S2, S1 , and SO selects one of two inputs, which is the 
output of each of the flip flops K4, K3, K2, K1, and KO in response to a line counter pulse LC. The flip flops 
K4, K3, K2, K1, and KO respectively hold H24*. H23*. H22*. H2T, and H20* which are generated while the 

so display data H24, H23, H22, H21, and H20 of the third display line for high resolution are generated. 
Further, each of the variable intermediate value generating circuits M4, M3, M2, M1, and MO outputs a value 
obtained from simply averaging two inputs in response to a line counter pulse LC. 

FIG.44 shows the state where a fourth pixel clock CK3 is provided to the flip flops A3, A2, A1, AO, J2, 
J1, and JO after the display data L30, L31, L32, and L33 are sequentially provided to the flip flop A3. The 

55 output of the flip flop A3 becomes L33, the output of the flip flop J2 becomes 3(s-1 )L32 + (4-3s)L33, the 
output of the flip flop A2 becomes L32, the output of the flip flop J1 becomes 2(s-1)L31 +(3-2s)L32, the 
output of the flip flop A1 becomes L31, the output of the flip flop JO becomes (s-1 )L30 + (2-s)L31 , and the 
output of the flip flop AO becomes L30. 
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Now, if it is assumed that L33 = H34*. 3(s-1 )L32 + <4-3s)L33 = H33*. 2(s-1 )L31 + (3-2s)L32 = H32*. (s-1)- 
L30 + (2-s)L31 =H31*. and L30 = H30*. then the variable intermediate value generating circuits M4, M3, M2, 
M1, and MO output (H24* + H34*)/2, (H23* + H33")/2, (H22" + H32-)/2, (H21'+ H3l-)/2, and (H20* + H30")/2, 
respectively. 

5 In FIG.45, when a latch pulse LP is simultaneously provided to each of the flip flops B4, B3, B2, B1 , 

and BO of the line data latch 132, the flip flops B4, B3, B2, B1, and BO output (H24* + H34*)/2, (H23* + H33> 
12, <H22*+H32*)/2, (H21* + H31")/2, (H20* + H30*)/2, respectively. 

The display data H44, H43, H42, H41 , and H40 of a fifth display line for high resolution are generated 
by expanding the display data L33, L32, L31 , and L30 of the fourth display line for low resolution with 1 .25 

10 times in the horizontal direction. Since the expansion method is the same as in the case where the display 
data H04, H03, H02, H01 , and H00 of the first display line for high resolution are generated by expanding 
the display data L03, L02, L01, and LOO of the first display line for low resolution with 1.25 times in the 
horizontal direction, its description is omitted. 

FIG. 46 shows the relationship in the second embodiment between the display data on a low-resolution 

75 display screen before expansion and the display data on a high-resolution display screen after expansion. 
Thus, according to the second embodiment, the display data for high resolution is generated by expanding 
the display data with 1.25 times in the horizontal and the vertical directions. Also in the second 
embodiment, the display data for low resolution is not simply duplicated, but the expansion of the display 
data is executed using intermediate values of adjacent display data for low resolution, and thereby the state 

20 of brightness distribution of a display screen before expansion is similar to that of brightness distribution of 
a display screen after expansion, and the expansion of the display data does not cause a visual difference 
in comparison with the original display screen. 

The number of the shift clocks CK needed for data expansion is only four (in reality, 4 times n; where, n 
is the number of times when the configuration of illustrated sections of circuits is repeated in actual circuits) 

25 of a first shift clock to a fourth shift clock, CKO to CK3. That is, while the display data is expanded with 1 .25 
times in the horizontal and the vertical directions, the number of the shift clocks CK needed for operations is 
the same in the case where as the display data is shifted in the shift register 130 without being expanded. 

Though the display data is expanded with 1.5 times in the horizontal and the vertical directions in the 
first embodiment and is expanded with 1.25 times in the horizontal and the vertical directions in the second 

30 embodiment, the display data may be expanded only either in a horizontal direction or in a vertical 
direction. Further, it will be appreciated that the present invention may be applied to the expansion of the 
display data with ratio other than' ratios shown in said embodiments. That is. the display data can be 
expanded with various ratios by changing an interval or a rate at which intermediate value generating 
circuits are provided to a plurality of flip flops which are merely connected in a row in a shift register and by 

35 changing an intermediate value which an intermediate value generating circuit generates and outputs based 
on the display data of the input side and that of the output side of a flip flop to which the intermediate value 
generating circuit is connected. Further, if an intermediate value of the display data for low resolution is also 
displayed as described in said embodiments while the display data for low resolution remains intact to 
overlap a plurality of pixels of a high-resolution display apparatus, the display data can be also expanded 

40 with the ratio of more than twice. 

A method for driving a dot matrix display panel according to the present invention is a method for 
driving the dot matrix display panel having a plurality of signal electrodes and a plurality of scanning 
electrodes crossing the signal electrodes, on which display dots are formed by the cross points of the 
signal electrodes and the scanning electrodes, the method being intended to expand display data in the 

45 direction (horizontal direction) of display lines by generating intermediate values of at least part of adjacent 
display data and applying the values to said signal electrodes while the display data for one display line are 
sequentially shifted into a shift register. 

Further, another method for driving a dot matrix display panel according to the present invention is a 
method for driving the dot matrix display panel having a plurality of signal electrodes and a plurality of 

so scanning electrodes crossing the signal electrodes, on which display dots are formed by the cross points of 
the signal electrodes and the scanning electrodes, the method being intended to expand display data in the 
direction (vertical direction) crossing display lines by generating intermediate values between display data 
previously applied to the signal electrodes and display data newly arranged in a shift register and applying 
the generated intermediate values to said signal electrodes when driving at least part of the display lines 

55 while the display data for one display line are sequentially shifted into the shift register and then are applied 
to the signal electrodes. 

Still further, a circuit for driving a dot matrix display panel according to the present invention is a circuit 
for driving the dot matrix display panel having a plurality of signal electrodes and a plurality of scanning 
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electrodes crossing the signal electrodes, on which display dots are formed by the cross points of the 
signal electrodes and the scanning electrodes, the circuit being intended to expand display data in the 
horizontal direction by providing a shift register into which display data are sequentially sent according to 
pixel clocks until display data for one display line is arranged, providing a plurality of first flip flops 

5 connected in series to the shift register, connecting second flip flops to the outputs of at least part of the 
first flip flops through intermediate value generating circuits for generating intermediate values between 
display data on the input sides and display data on the output sides of the first flip flops, simultaneously 
applying the pixel clocks to the first and second flip flops, and connecting a signal electrode to each of the 
outputs of the first and second flip flops through a line data latch. 

io Further, another circuit for driving a dot matrix display panel according to the present invention is a 
circuit for driving the dot matrix display panel having a plurality of signal electrodes and a plurality of 
scanning electrodes crossing the signal electrodes, on which display dots are formed by the cross points of 
the signal electrodes and the scanning electrodes, the circuit being intended to expand display data in the 
vertical direction by providing a shift register into which the display data are sequentially sent according to 

15 pixel clocks until display data for one display line is arranged and providing intermediate value generating 
circuits for generating intermediate values between display data previously applied to the signal electrodes 
and display data newly arranged in the shift register and for applying them to the signal electrodes. 

Further, a dot matrix display apparatus according to the present invention comprising a dot matrix 
display pane! having a plurality of signal electrodes and a plurality of scanning electrodes crossing the 

20 signal electrodes provided, on which display dots are formed by the cross points of the signal electrodes 
and the scanning electrodes, a shift register into which display data are sequentially sent according to pixel 
clocks until display data for one display line is arranged, a line data latch which applies the display data for 
one display line sent from the shift register to the signal electrodes according to line pulses, and scanning 
electrode driving means for selecting scanning electrodes according to line pulses, is intended to expand 

25 the display data in the horizontal direction by providing a plurality of first flip flops connected in series to 
said shift register, connecting second flip flops to the outputs of at least part of the first flip flops through 
intermediate value generating circuits which generate intermediate values between display data on the input 
sides and display data on the output sides of the first flip flops, simultaneously applying the pixel clocks to 
the first and the second flip flops, and connecting a signal electrode to each of the outputs of the first and 

30 the second flip flops through the line data latch. 

Further, another dot matrix display apparatus according to the present invention comprising a dot matrix 
display panel having a plurality of signal electrodes and a plurality of scanning electrodes crossing the 
signal electrodes, on which display dots are formed by the cross points of the signal electrodes and the 
scanning electrodes, a shift register into which display data are sequentially sent according to pixel clocks 

35 until display data for one display line is arranged, a line data latch which applies the display data for one 
display line sent from the shift register to the signal electrodes according to line pulses, and scanning 
electrode driving means for selecting scanning electrodes according to line pulses, is intended to expand 
the display data in the vertical direction by providing intermediate value generating circuits for generating 
intermediate values between display data previously applied to the signal electrodes and display data newly 

40 arranged in the shift register and for applying them to the signal electrodes. 

Further, an information processing system according to the present invention comprising a CPU for 
performing arithmetic operations, a system memory for storing a program executed by the CPU and data 
used at the run time of the program, a dot matrix display apparatus having a dot matrix display panel and a 
circuit for driving said panel, a display controller for sending control signals and display data to said driver 

45 circuit, and a video buffer memory which holds the display data for a display apparatus whose resolution is 
relatively lower than that of said dot matrix display panel and which is accessible from the CPU and the 
display controller, is intended to expand the display data in the horizontal direction by providing to said 
driver circuit a shift register into which the display data are sequentially sent according to pixel clocks until 
display data for one display line is arranged and by providing to the shift register a plurality of first flip flops 

50 for sequentially shifting said display data sent from the display controller, intermediate value generating 
circuits which generate intermediate values of at least part of said adjacent display data, and second flip 
flops for applying said intermediate values to signal electrodes. 

Further, another information processing system according to the present invention comprising a CPU for 
performing arithmetic operations, a system memory for storing a program executed by the CPU and data 

55 used at the run time of the program, a dot matrix display apparatus having a dot matrix display panel and a 
circuit for driving said panel, a display controller for sending control signals and display data to said driver 
circuit, and a video buffer memory which holds the display data for a display apparatus whose resolution is 
relatively lower than that of said dot matrix display panel and which is accessible from the CPU and the 
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display controller, is intended to expand the display data in the vertical direction by providing means for 
generating intermediate values between display data previously applied to signal electrodes and display 
data newly arranged in a shift register and for applying them to said signal electrodes, to said driver circuit. 
As described above, according to the present invention, it is possible to provide such an expansion method 
5 of display data as not to cause the reduction of the speed of processing and not to require clocks of 
different frequencies. 

Claims 

10 1. A driver circuit (26) for a dot matrix display device (24) having a plurality of signal electrodes (yO, y1 , 

yn) and plurality of scanning electrodes (xO, x1 xm), in which display pixels are formed at the 

intersections of the signal electrodes and the scanning electrodes, the driver circuit comprising a shift 
register (30; 130) for sequentially receiving display data for one display line under the control of a clock 
signal (CK), the shift register comprising a plurality of first flip-flops (AO, A2, A3, A5; AO, A1 , A2, A3) 

75 connected in series, and a plurality of second flip-flops (A1, A4; J0.J1, J2), which second flip-flops are 
connected to at least some of the first flip-flops via intermediate value generating circuits (CO, C1 ; E0, 
F0, GO) for generating intermediate values between display data at the input sides and the output sides 
of the ones of the first plurality of flip-flops to which they are connected, each signal electrode being 
connected through a line data latch to the output of one of either the first plurality of flip-flops or the 

20 second plurality of flip-flops, the tine data latches being responsive to line pulses to apply the display 

data for one display line to the signal electrodes. 

2. A driver circuit as claimed in claim 1 comprising intermediate value generating circuits (DO, D1, D2, D3, 
D4, D5; SO, MO, S1.M1, S2, M2, S3, M3, S4, S4) arranged between the shift register (30; 130) and the 

25 signal electrodes (yO, y1, y2, y3, y4) for generating intermediate values between display data 

previously output to the signal electrodes and display data newly arranged in the shift register and for 
applying the intermediate values to the signal electrodes. 

3. A dot matrix display device comprising a plurality of signal electrodes (yO, y1, yn) and plurality of 

30 scanning electrodes (xO, x1,.... xm), in which display pixels are formed at the intersections of the signal 

electrodes and the scanning electrodes; a driver circuit as claimed in any preceding claim; and 
scanning electrode driving means responsive to Iin6 pulses to select scanning electrodes. 

4. A method for driving a dot matrix display panel having a plurality of signal electrodes and a plurality of 
35 scanning electrodes crossing the signal electrodes, on which display dots are formed by the cross 

points of the signal electrodes and the scanning electrodes; wherein intermediate values for at least 
part of adjacent display data are generated and applied to said signal electrodes while the display data 
for one display line are sequentially shifted into a shift register. 

40 5. The method for driving a dot matrix display panel according to claim 1 , wherein when at least part of 
display lines are driven intermediate values are generated between display data previously outputted to 
signal electrodes and display data newly arranged in a shift register and the generated intermediate 
values are applied to said signal electrodes. 

45 6. A dot matrix display apparatus comprising: 

a dot matrix display panel having a plurality of signal electrodes and a plurality of scanning electrodes 
crossing the signal electrodes, on which display dots are formed by the cross points of the signal 
electrodes and the scanning electrodes, a shift register into which display data are sequentially sent 
according to pixel clocks until display data for one display line is arranged, a line data latch for 

50 applying the display data for one display line sent from the shift register to the signal electrodes 
according to line pulses, and scanning electrode driving means for selecting scanning electrodes 
according to line pulses; wherein said register has a plurality of first flip flops connected in series, 
second flip flop are connected to the output sides of at least part of the first flip flops through 
intermediate value generating circuits for generating intermediate values between display data on the 

55 input sides and display data on the output sides of the first flip flops, the pixel clocks are simulta- 

neously applied to the first and the second flip flops, and a signal electrode is connected, through the 
line data latch, to each output of the first and the second flip flops. 
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The dot matrix display apparatus according to claim 7, wherein provided between said shift register and 
signal electrodes are intermediate value generating circuits for generating intermediate values between 
display data previously outputted to the signal electrodes and display data newly arranged in the shift 
register and for applying the intermediate values to the signal electrodes. 

An information processing system comprising: 

an CPU for performing arithmetic operations, a system memory for storing a program executed by the 
CPU and data used at the run time of the program, a dot matrix display apparatus having a dot matrix 
display panel and a circuit for driving said panel, a display controller for sending control signals and 
display data to said driver circuit, and a video buffer memory which holds display data for a display 
apparatus whose resolution is relatively lower than that of said dot matrix display panel and which is 
accessible from the CPU and the display controller; wherein said driver circuit has a shift register into 
which display data are sequentially sent according to pixel clocks until display data for one display line 
is arranged, and the shift register has a plurality of first flip flops for sequentially shifting said display 
data sent from the display controller, intermediate value generating circuits for generating intermediate 
values for at least part of said adjacent display data, and second flip flops for applying said 
intermediate values to signal electrodes. 
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